Background: An inverse relationship between obesity and suicide has been observed in younger
Introduction
n inverse relationship between body mass index (BMI) and suicide has been observed in male Swedish conscripts,P 1 P male American healthcare professionals,P 2 P and AmericansP 3 P and Norwegians P 4 P in the general population. This relationship was sustained after controlling for several confounding variables including smoking, alcohol intake, education, employment, marital status, social support, physical activity, medical illness, depression, antidepressant use.P 2,4 P Collectively these studies, focusing on younger age groups, suggested an inverse relationship between obesity and suicide in both sexes. This relationship has been poorly examined in the elderly, although this inverse relationship has been observed in both those under and over the age of 50 years,P 4 P but another study reported that this relationship was weaker in older men.P 2 P Therefore, a cross-national ecological study with the null hypothesis that there will be no relationship between the prevalence of obesity and national elderly suicide rates was conducted.
Methods
Data on elderly suicide rates for both sexes in the age-bands 65-74 years and 75+ years was ascertained from the World Health Organization (WHO) (9 T U http://www.who.int/whosis/ database/mort/table1.cfmU 9 T ). The median (range) year for the data on suicide rates was 2001 (1991-2002) . Data on the national prevalence rate of obesity was also ascertained from the WHO (9 T U http://www.who.int/whosis/database/core/core select.cfmU 9 T ). The WHO had ascertained this information from national household surveys and defined obesity as BMI≥30.0 Kg/mP 2 P . The median (range) year for the data on the national prevalence rate of obesity was 2003 (2000-2006) . The univariate relationship between elderly suicide rates in both sexes in both the age-bands and the prevalence of obesity was examined using Spearman's rank correlation. Elderly suicide rates are associated with socio-economic status, income inequality, life expectancy, educational attainment and marital status.P 2,4 P Also, studies examining the relationship between obesity and the risk of suicide risk in younger adults controlled for several confounding factors including education, marital status, social support and socioeconomic status.P 2,4 P Therefore, the independent association between obesity and elderly suicide rates was examined using multiple regression analysis with the Enter method. Suicide rate was the dependent variable. Independent variables included in the analysis were the national prevalence rate of obesity, socioeconomic status measured by the gross national domestic product (GDP), income in equality measured by the Gini coefficient, life expectancy, educational attainment measured by the Education Index, rates of marriage and divorce rates. Data on the GDP and life expectancy were also ascertained from the WHO (9 T U http://www.who.int/countries/en/U 9 T ) for the year 2002. Data on the Gini coefficient and the Education Index were ascertained from the United Nations Development Programme (9 T U http://hdr.undp.org/en/media/HDR_20072008_Tables.pdfU 9 T ). The median (range) year for the data on the Gini coefficient was 2000 (1990-2003) . Data on the rates of marriage and divorce rates was ascertained from the United Nations Demography Yearbook (9 T U http://unstats.un.org/unsd/demographic /products/dyb/dybsets/2006%20DYB.pdfU 9 T ) for the year 2002.
Results
Full data set of the national prevalence rate of obesity and suicide rates were available in males and females for 35 and 40 countries respectively. The prevalence of obesity and the suicide rates for each country for females and males are illustrated in Tables 1 and 2 respectively. There were significant negative correlations between the prevalence of obesity in females and the suicide rates in females aged 65-74 (rho=-0.42, P=0.008) and 75+ (rho=-0.36, P=0.022) years; this was not observed in males in both the elderly agebands. There was a highly significant positive correlation between male and female suicide rates in both the 65-74 years (rho=+0.87, P<0.00001) and 75+ years (rho=+0.89, P<0.00001) age-bands. The characteristics of multiple regression analyses for females in both the elderly age-bands are illustrated in Table 3 . On multiple regression analysis: the independent predictors of suicide rate in females aged 65-74 years were the national prevalence rate of obesity in females (P=0.001), divorce rates (P=0.013) and GDP (P=0.039); and the independent predictors of suicide rate in females aged 75+ years were the national prevalence rate of obesity in females (P=0.003) and divorce rates (P=0.026), and the independent association GDP approached significance (P=0.063). 
Discussion
The absence of a significant correlation between obesity and elderly suicide rates in males was not consistent with previous studies of younger adult males,P 1-4 P although one study suggested that this relationship was weaker in older men.P 2 P Also, BMI may be a less accurate measure of obesity in older people because it may be disproportionately influenced by physical illness and changes in muscle mass associated with ageing.P 2
P
The observed significant and independent negative correlation between obesity and elderly suicide rates in females rejected the null hypothesis and was consistent with observations from several studies of females.P 3,4 P Caution should be exercised in attributing causation and the direction of causality from a cross-sectional ecological study due to ecological fallacy. Nevertheless, potential explanations for the observed inverse relationship require exploration.
The reported inverse relationship between the BMI and depression in older peopleP 2 P may also explain the inverse relationship between obesity and the risk of suicide. However, another recent study simultaneously and paradoxically demonstrated an inverse relationship between obesity and suicide and a positive relationship between obesity and depression, and the authors' suggested that the relationship between obesity and suicide may be independent of depression.P 4 Suicidal behaviors are associated with low levels of serotonin in the brain. Several mechanisms may operate in the elderly to reduce levels of serotonin in the brain. First, higher BMI is associated with higher insulin levels,P 5 P which may result in greater release of serotonin in the brain, and this may explain improvement in subjective well-being and depressive symptoms administration of insulin in older adults with type 2 diabetes.P 6 P Second, higher BMI is also associated with higher levels of serum cholesterol and triglycerides, which may lead to an increase in brain serotonin levels.P 7 P Third, estrogen improves depression in perimenopausal womenP 8 P because it alters serotonergic neurotransmitter and receptor function,P 9 P and this may explain the inverse association between obesity and depression observed in post-menopausal women.P 10 P Thus, the impact of obesity on insulin levels, cholesterol levels and estrogen levels may influence central serotoninergic function and lead to reduction in the risk of suicide in elderly women; this may be mediated both through improvement in depression and/or independent of depression.
Caution should be exercised in attributing a causal relationship and the direction of causality from this crosssectional ecological study due to ecological fallacy. Nevertheless, the observed independent inverse relationship between obesity and elderly suicide rates in females suggests that there is a need to confirm this relationship in the elderly in individual-level case-control or cohort studies. 
